Results
In 2002-2003, 4043 estimated cases were reported from Scotland. Mental ill-health was most frequently reported (41%); followed by musculoskeletal disorders (31%), skin disorders (16%), respiratory disease (10%), hearing disorders (2%) and infection (1%). The reported average annual incidence rate per 100 000 employees for all work-related ill-health in Scotland was 86.0. The highest reported rate for mental ill-health was found for employees in public administration and defence (76.7 per 100 000), and health and social work (72.3 per 100 000). The construction industry had the highest reported rate of musculoskeletal disorders (41.6 per 100 000), while hairdressers appeared at most risk of developing occupational contact dermatitis (rate ¼ 86.4 per 100 000). Conclusions Despite its limitations, THOR has indicated types of work-related ill-health and related industries for targeted disease prevention in Scotland.
Introduction
Awareness of the incidence of work-related ill-health is important for a number of reasons, including the need to inform public policy so that appropriate steps can be taken to reduce risk and prevent ill-health. Moreover physicians, other health care workers, employers and employees may all benefit from such information, by increasing their awareness of potential problems and by highlighting the importance of education and training as part of an adequate response.
Data relating to the incidence of work-related ill-health have been collected continually in the UK based on self reporting from household surveys, mandatory reporting by employers under RIDDOR, industrial injury compensation schemes and voluntary reporting by clinical specialists. Reporting at a national level facilitates the investigation of the increased risks of particular types of ill-health in relation to occupations, industries and causal agents or work activities. However, more locally based information is also important when setting up prevention strategies at a regional level, and for evaluating their effectiveness. Information derived from UK wide physician-based reporting schemes has been published in journals [1 -7] and in statistical reports produced by the Health and Safety Executive (HSE) [8 -10] . However the level of information available for individual countries and regions in these publications has been limited. This paper summarizes hitherto unpublished incidence data, based on specialist physician reporting of new cases in Scotland over a two-year period (2002) (2003) .
The study aims to describe the distribution of newly diagnosed work-related ill-health by age, gender and industry, and makes comparisons between Scotland and the rest of the UK. For the most frequently reported cases of ill-health in Scotland, the study also identifies industries at highest risk, and provides further information on jobs and suspected agents reported within them.
Methods

THOR (The Health and Occupation Reporting network)
is a UK wide project involving clinically based reporting of work-related ill-health, and is funded by the HSE. THOR comprises seven individual reporting schemes for groups of clinical specialists. The history and methods of this reporting system have been described in detail elsewhere [11] [12] [13] [14] and are therefore only described briefly here.
SWORD (Surveillance of Work-related and Occupational Respiratory Disease) was set up in 1989 [12] , and its success led to the establishment of six further reporting schemes in the following 10 years. Dermatologists started reporting to EPIDERM (Occupational Skin Surveillance) in 1993; occupational physicians and infectious diseases specialists started reporting to OPRA (Occupational Physicians Reporting Activity) and SIDAW (Surveillance of Infectious Diseases At Work), respectively in 1996; rheumatologists and audiological physicians started reporting to MOSS (Musculoskeletal Occupational Surveillance Scheme) and OSSA (Occupational Surveillance Scheme for Audiological Physicians) in 1997; and, finally, psychiatrists started reporting to SOSMI (Surveillance of Occupational Stress and Mental Illness) in 1999. The seven schemes were brought together under a single framework called ODIN (Occupational Disease Intelligence Network) [11, 14] . In 2002, ODIN was superseded by THOR, which aimed to develop the project further. The general methods for data collection have remained consistent since inception of the schemes, but in addition THOR involves a number of studies designed to evaluate and improve the quality of data collected, as well as introducing electronic methods of collection and dissemination of information [15] . Additional information is also available on the Internet (www.coeh.man.ac.uk/thor).
At present, over 2000 physicians in seven clinical specialties throughout the UK participate in THOR on a voluntary basis, including over two hundred specialists reporting from Scotland. They report anonymized information about newly diagnosed cases of ill-health that (in their clinical judgment) is attributable to patients' work [16 -18] . Simple reporting cards are sent to participating physicians at the beginning of their reporting month, and they are asked to return their completed card at the end of the month. When reporting a case, clinical specialists are asked to classify the diagnosis according to disease category. For example, on the card used by psychiatrists to report work-related mental illhealth, the listed disease categories are: anxiety/depression, post traumatic stress disorder, other work-related stress, substance abuse, psychotic episode and other psychological problems. In contrast to the other clinical specialists, occupational physicians are asked to report all cases of work-related ill-health, and to record the diagnosis (for example depression, contact dermatitis or tennis elbow). The diagnostic information is subsequently coded using the International Classification of Disease, 10 th Revision (ICD-10) [19] , and this enables comparison of relevant information collected from occupational physicians with that from other clinical specialists. Further information on the diseases reported in each individual specialist scheme has been published previously, including details of respiratory disease [18] , skin disorders [7] , musculoskeletal disorders [2] , infectious disease [6] , audiological disorders [4] and mental ill-health [11] . For each reported case, physicians are asked to provide information on age, gender, area of residence (e.g. first half of postcode), job, industry, and the type of exposure (suspected agents, work activities, precipitating events) thought to have contributed to the development of the condition. Occupation is coded to four digits using Standard Occupational Classification 2000 codes (SOC 2000) [20] , and industry is coded to two digits using the Standard Industrial Classification codes (SIC 1992) [21] . The first half of the postcode (area of residency) is used to group information according to the standard geographical classification used by the Labour Force Survey (the denominator data), and is subsequently aggregated into the four countries in the UK. In a small proportion of cases (7%), where the reporting physician has not recorded the area of residence, cases are allocated to the country in which the reporting physician works to enable us to carry out analyses by country.
Only a small proportion of participating physicians (7% in Scotland 8% in the rest of the UK) are asked to report every month. The majority are asked to report for only one randomly allocated month each calendar year. Because of this parallel system of routine reporting within the schemes, an estimated number of cases is calculated using a weighting factor. The number of estimated cases within a 12 month period is calculated by multiplying the number of cases reported by physicians who only report for one month within the year by 12, and adding this subtotal to the number of cases reported by physicians who routinely report on a monthly basis. In this report, the number of estimated cases (rather than actual cases) has been used in all further analyses. The effect of the different sampling procedures on reporting, (every month versus one month in twelve), is currently being assessed in another study. The aim of allowing physicians to report for a single month in a twelve month period was to minimize reporter fatigue in these voluntary schemes [5, 11] . Respiratory and skin infections were included under respiratory diseases and skin disorders rather than under the infections.
Average annual incidence rates were calculated using estimated numbers of people in employment in 2002 (by age group, gender and industry) in Scotland and in the rest of the UK as denominators. These denominators are derived from the Labour Force Survey (LFS) carried out quarterly by the Office for National Statistics (ONS). All rates are expressed as the number of estimated cases per 100 000 employed persons per year. Adjusted relative risk (RR) of work-related ill-health in Scotland was calculated using the estimated number of cases in Scotland divided by the expected number of cases. The expected number of cases was derived from the incidence rate in the rest of the UK taking into account the difference in the geographical coverage of participating physicians. The data for this study were extracted from the THOR database in July 2004. To simplify comparison, about 2% of the data provided by occupational physicians that cannot be classified into the major disease categories used by the other reporting clinical specialists were not included in this analysis. The statistical package SPSS V11.5 was used for the analysis.
Ethical approval has been given for the THOR project by the North West Multi-centre Research Ethics Committee (MREC).
Results
In 2002 -2003, an annual average of 241 occupational and specialist physicians in Scotland (and 1921 in the rest of the UK) contributed data to THOR. The ratio of participating physicians per 100 000 employed workers was higher in Scotland than in the rest of the UK (10 physicians/100 000 employed in Scotland compared with 8 physicians/100 000 employed in the rest of the UK). The coverage was particularly high for reporting from psychiatrists, occupational physicians and chest physicians ( Table 1 ). The overall response rate (the proportion of reports submitted divided by the maximum possible total) was slightly higher (80%) for participating physicians in Scotland compared with 76% for the rest of the UK. However, the response rate in Scotland was higher than the rest of the UK in some clinical areas (rheumatology) and lower in others (infectious disease).
In total 4043 cases of work-related ill-health were estimated from reports originating in Scotland during 2002 -2003 (Table 2) . Mental ill-health (1658 cases) was most frequently reported and accounted for 41%, followed by musculoskeletal disorders (1244 cases; 31%), skin disorders (640 cases; 16%), respiratory diseases (412 cases; 10%), hearing disorders (61 cases; 2%) and infections (28 cases; 1%). Compared with the rest of the UK, Scotland had a higher proportion of mental ill-health cases and a lower proportion of infectious disease cases reported to THOR. When applying more specific diagnostic categories, Scotland had a higher proportion of upper limb disorders and a lower proportion of skin neoplasia.
The average annual incidence rates for work-related ill-health for each major disease category are shown in Table 3 . The average incidence is 86.0 cases per 100 000 employed per year in Scotland, which is very marginally higher than that found in the rest of the UK (83.9 cases per 100 000 per year). A higher incidence rate of mental ill-health in Scotland (35.3 cases per 100 000 per year) compared with the rest of UK (25.1 cases per 100 000 per year) is found, but after taking into account the difference in coverage by participating psychiatrists and occupational physicians in these two geographical areas, the incidence rate in Scotland is in fact lower than that for the rest of the UK (adjusted RR ¼ 0.91). More detailed analysis had been carried for the three most frequently reported conditions in Scotland, namely mental ill-health, musculoskeletal disorders and contact dermatitis.
Work-related mental ill-health
The incidence rate of work-related mental ill-health based on cases from psychiatrists and occupational physicians for the period 2002 -2003 is shown in Table 4 . Although the highest number of cases was seen in 35 -44 year olds, the highest rate was found in those aged 55 -64 years. In Scotland, men had a higher incidence rate of psychological ill-health than women, which is a reversal of the pattern seen for incidence in the rest of the UK. Four industries with the highest incidence rates contributed more than half the cases of mental ill-health in THOR in Scotland during 2002 -2003; notably, in men, Scotland had much higher incidence rates in these four work-sectors than women. Public administration and defence had the highest rate (overall rate ¼ 76.7; 116.0 for men), and within this group, the jobs most frequently reported were police officers, armed forces personnel and fire fighters (with cases also reported in prison officers, Inland Revenue employees and council workers). The grouping with the second highest rate was health and social work (overall rate ¼ 72.3; 164.4 for men), in which nurses and doctors were most frequently reported. Compared with the rest of the UK, Scotland had considerably higher reporting rates for cases from food and beverage manufacturing, and also for cases from banking and financial services. Incidence rate ¼ number of cases/100 000/year. a Column percent, percent of total cases (%).
b Using Labour Force Survey data 2002 as denominator. c Industries with higher than average incidence rates and more than 8 actual case reports.
pppNo rates can be calculated as the number of reported cases was low or denominator estimates were unavailable.
Work-related musculoskeletal disorders
In Scotland, men have higher average annual incidence rates than women for work-related musculoskeletal disorders, a pattern that is different to that seen for incidence rates in the rest of the UK (Table 5 ). This is evident in three industries where higher than average incidence rates for musculoskeletal disorders were found in Scotland; construction (overall rate ¼ 41.6; 45.0 for men), public administration and defence (overall rate ¼ 35.1; 74.8 for men) and health and social work (overall rate ¼ 30.5; 50.6 for men).
Employees in the health and social work sectors were most frequently reported with musculoskeletal disorders by occupational physicians in Scotland (23%), with associated jobs being nursing, nursing assistants and care assistants. In addition, hospital porters, cleaners, laundry workers and medical technicians were also reported as cases in this group. For rheumatologists in Scotland the most frequently reported industrial group was construction workers (27%), and jobs frequently reported were road workers, roofers, bricklayers, carpet fitters, scaffolders and labourers. When comparing Scotland with the rest of the UK, Scotland had more than double the reported incidence of musculoskeletal disorders in the construction industry.
Occupational contact dermatitis
Most cases of occupational skin disease were contact dermatitis (Table 2) , with two thirds being classified as allergic or mixed allergic/irritant diagnoses. A more detailed breakdown of cases of contact dermatitis, based on cases from dermatologists and occupational physicians (2002) (2003) , is shown in Table 6 . In Scotland workers aged 25-34 years had the highest rate of contact dermatitis, while the trend of decreasing incidence with increasing age found in the rest of the UK was not evident. In contrast to Cases reported by rheumatologists and occupational physicians (2002 -2003) .
Incidence rate ¼ number of cases/100,000/year. a Column percent, percent of total cases (%).
pppNo rates can be calculated as the number of reported cases was low or denominator estimates were unavailable. mental ill-health and musculoskeletal disorders, women were found to have a slightly higher rate of occupational contact dermatitis than men.
The highest incidence for dermatitis was found in the group classed as 'other service activities', with nearly all these reports describing women working as hairdressers or beauticians, and all cases being reported by dermatologists. A gender specific rate (Scotland) for contact dermatitis was 112.4 per 100 000 workers per year for women working in this sector. An increased risk of contact dermatitis in women was also seen among workers employed in food and beverage production (overall rate ¼ 30.1; 75.3 for women), and in health and social work (overall rate ¼ 21.2; 25.0 for women) in Scotland.
The agents most frequently reported by physicians as causal were hairdressing chemicals, but other exposures of note included rubber chemicals, cosmetics, preservatives, nickel compounds and resins, or tasks such as wet work. Up to six agents can be recorded for each case of contact dermatitis reported to THOR, and suspected agents were reported either as sole causes of dermatitis, or as one of several possible agents contributing to the development of the condition.
Discussion
This article presents the first analysis of new cases of work-related ill-health reported to THOR by specialist physicians from Scotland over a two-year period (2002 -2003) . Unlike previous publications [3, 11] , this study suggests that work-related mental ill-health has surpassed musculoskeletal disorders as being most frequently reported in the UK, perhaps more so in Scotland than in the rest of the UK. Public administration and defence and the health and social work sectors have the highest rates of mental ill-health in Scotland. Previous publications have indicated that physicians in Scotland experience work-related stress [23, 24] , but further information about work-related mental ill-health for Scotland allowing comparisons to be made between industrial groups has not been available before now. Cases reported by dermatologists and occupational physicians (2002 -2003) .
Incidence rate ¼ number of cases/100 000/year. a Column percent, percent of total cases (%).
Using estimated cases from THOR and data from the Labour Force Survey (LFS), Scotland had a slightly higher incidence of work-related ill-health when compared with the rest of the UK, notably for mental ill-health. However, following adjustment for the ratio of participating physicians in THOR in Scotland and in the rest of the UK, the incidence figures are reversed, and all categories of work-related ill-health including mental illhealth appear to be relatively less common in Scotland. The overall response rates by reporters were similar for Scotland (76%) and the rest of the UK (80%), as was the proportion of physicians who reported every month (7% in Scotland and 8% in the rest of the UK) rather than for one randomly selected month per year, so no further adjustments were carried out. However, when compared with the rest of the UK, a much lower rate of infection was found in Scotland that might be attributed to the lower rate of cards returned by the infectious disease specialists in Scotland. In addition, infectious disease units in Scotland tend to be small, and it is possible that they might have fewer resources devoted to case reporting. Nevertheless, the crude average annual incidence rates calculated in our study do not take into account the different distributions of age, gender, occupation and industry in the study population, and must therefore be interpreted with caution.
A similar finding was also shown based on self-reports in a household survey in 2001 -2002, which suggested that Scotland had a lower incidence rate (at 1.5 per 100 workers) for all work-related ill-health, than that for Great Britain (2.2 per 100 workers) [22] , however further information at disease level is not available from the household survey. The self-reported information may not be directly comparable with THOR data because the household survey collected information based on individual perceptions of health (often based on symptoms rather than clinical diagnoses and relating to early stages of disease development). In comparison, THOR data are based on cases seen and diagnosed by clinical specialists, that in their judgement are attributable to work. THOR reporting only covers the population accessing medical care provided by the reporting physicians, and the conditions may be more severe (hence referral of the individuals to specialists). Despite differences between these reporting systems, the observation that Scotland has a lower incidence rate than the rest of the UK for work-related ill-health persists.
Our study has found that the construction industry had the highest reported incidence of work-related musculoskeletal disorders in Scotland, this being more than double that found for the rest of the UK. More work is needed to corroborate this initial observation. Hairdressers have once again been identified as being at highest risk for occupational contact dermatitis [16, 25] . The reported incidence for hairdressers in Scotland appears even higher than that in the rest of the UK, particularly in females, which highlights this group as a priority for further investigation, and for implementation of preventative measures.
Some industries with increased risk may not be apparent from our study, for example if the number of reported cases was low or denominator estimates were unavailable. In 2002, an estimated 27 million people were in employment in the UK, and 2.3 million (9%) of these were working in Scotland [26] . The five largest employment sectors were health & social work (13%), retail trades (11%), education (8%), public administration and defence (8%) and construction (7%). In this study, higher than average incidence rates were seen for cases within health and social work, public administration and defence, and construction, but not within retail trades or education.
As with other disease surveillance systems, our results provide low estimates of the incidence of work-related illhealth. Information based on specialist physician reporting may only capture a small proportion of relevant work-related cases, and may not give a true measure of the incidence in a working population. Reasons for under-reporting may include the following. Firstly, individuals who do not seek medical care or those who see their General Practitioner (or specialists who are not included in THOR) would not be reported as cases. Secondly, participation rates for each group of clinical specialists in THOR may be incomplete. For example, the number of rheumatologists participating in THOR was 276 in 2002, which was about 60% of the practicing consultant rheumatologists in the UK at this time [27] . Thirdly, working populations covered by reporting physicians may vary, with the population served by a whole-time equivalent consultant rheumatologist in 2001 being 164 165 in the UK, with lower provision in Scotland (213 108 individuals per rheumatologist) than in England (157 720 per rheumatologist) or Wales (184 138 per rheumatologist). In addition, results have also shown that only about 12% of the general working population in the UK is served by an occupational physician [28] , but this study did not show whether there was a difference in coverage between Scotland and the rest of the UK.
Previous work has also shown incomplete and uneven coverage of the working population by occupational health physicians [28] , being high in certain sectors (43% in health and social work) and low in others (7% in utilities and construction industries). This is seen in different rates of case reporting for specific industries by occupational physicians and other clinical specialists; for example, occupational physicians report higher proportions of musculoskeletal disorders in the health and social work sector (that is served well by occupational health services) than in the construction industry (which, in comparison is poorly served). Furthermore, those who are self-employed or working in small businesses are unlikely to have access to the services of occupational physicians, as shown by contact dermatitis in hairdressers and beauticians being solely reported by dermatologists, rather than by occupational physicians. This uneven distribution of occupational health services may result in a misrepresentation of the true distribution of ill-health by industry, as shown by health and social work being most frequently reported by occupational physicians in all three categories of ill-health analysed here (mental illhealth, musculoskeletal disorders and contact dermatitis) and be simply related to the high provision of occupational health services in this sector. However, the large number of cases of mental ill-health and contact dermatitis reported by psychiatrists and dermatologists for workers in health and social work strengthens the observation of an increased risk for the disease categories in these sectors.
Interpretation of occupational surveillance data is therefore dependent on a good understanding of potential biases introduced by the data collection systems. Further studies in small well-defined working populations, may provide evidence on the scale and reasons of incomplete reporting by physicians and may help explain the variation in case ascertainment.
Recognition of potential or plausible occupational causes may be difficult, and variations within and between reporting physicians in the assessment of work attribution may also hamper our ability to interpret results. The surveillance schemes for workrelated ill-health do not simply count cases or disease incidence rates, but also collect data on diseases that have been attributed to work-related causes. When a case of work-related ill-health is reported, the physician has made a clinical diagnosis, and at the same time has made an aetiological link between the disorder and work. For some diseases (for example, mesothelioma), making a plausible link with work exposure may be easier than for others (for example, asthma or contact dermatitis), although possible associations may be established based on particular clinical features supported by objective physiological testing [29, 30] . However, for many categories of work-related ill-health, especially musculoskeletal disorders and mental illhealth, the attribution to work is likely to be much less clear [31, 32] .
Workers may be exposed to a range of hazards at work, but the individual's 'risk' of developing illness is dependent on the degree of exposure. In turn, the population burden is dependent on the numbers of workers exposed to specific risks. Reporting of data to THOR relies on physicians' recognition and reporting of cases that are attributed to occupational exposures, therefore the knowledge base of the reporter is important.
This variation in knowledge and experience between occupational physicians and other groups of specialist physicians is another source of potential confounding when interpreting results.
Despite the relatively crude methods and potential inaccuracies reporting of work-related ill-health by physicians is an important source, which when combined with information from household surveys, industrial injury compensation schemes and others databases, is capable of providing overall estimates of the frequency of work-related ill-health in the UK. The physicians' reporting schemes continue to contribute to our understanding of the impact of work-related illhealth, and should provide valuable information when setting up prevention programmes at a national level. Reviewing data for geographical areas (in this case Scotland) can also highlight issues deserving further investigation and assist in prioritising preventive action. Characterization, through THOR surveillance, of industries and jobs, but especially of tasks, exposures and other determinants of work-related ill-health in Scotland is not an end in itself, however it is an important part of the process focussing on the need for appropriate interventions, and monitoring outcomes on a national scale.
Furthermore, continuous reporting and receipt of regular feedback may increase participating physicians' awareness of health hazards associated with work and improve early detection of work-related ill-health, that is important in prevention. Advice on possible work-related risk factors and early cessation of hazardous exposure can be given when identified, and for many work-related illnesses, early diagnosis will ensure early treatment and improve prognosis. More generally, identification and reporting a case of work-related ill-health may benefit not only the individual, but also others who may be at risk.
